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Mention the main enzymes associated with the mechanism 
activation inhibition of toxins? Regarding to the enzymes 

related to the host and bacteria? 

MICROBIAL PATHOGENESIS 



Adherence of microorganisms 

Attachment between of microbe to host tissue requires: Adhesins 
or Ligands : Surface molecules on pathogen that bind specifically to 
host cell surface molecules. May be located on glycocalyx, fimbriae, 
viral capsid, or other surface structure. Receptors : Surface 
molecules on host tissues to which pathogen adhesins bind. 



Cell Wall Components 

M protein : Found on cell surface and fimbriae of Streptococcus 
pyogenes. Mediates attachment an dhelps resist phagocytosis. 

Waxes : In cell wall of Mycobacterium tuberculosis helps resist 
digestion after phagocytosis. 



Enzymes 

Extracellular enzymes (exoenzymes) lyse cells, form or dissolve 
clots, and dissolve materials in tissue. 

1. Leukocidins: Destroy white blood cells that are phagocytes. 
Produced by staphylococci and streptococci. 

2. Hemolysins: Destroy red blood cells. Produced by Clostridium 
perfringens (gangrene) and streptococci. 



3. Coagulases: Produce blots in blood. Clots may protect bacteria 
from host immune system, by walling off site of infection. 
Produced by some staphylococci. 



4. Bacterial Kinases: Break down clots produced by body to isolate 
infection. Made by streptococci and staphylococci. 

5. Hyaluronidase: Breaks down hyaluronic acid which holds cells 
together in connective tissue. Made by some streptococci and 
gangrene causing Clostridia. 

6. Collagenase: Breaks down collagen which forms connective 
tissue of muscles, skin, and other organs. Produced by several 
Clostridia. 

7. Necrotizing Factors: Kill body cells. 

8. Hypothermic factors: Decrease body temperature. 

9. Lecithinase: Destroys plasma membrane of cells. 

10. Proteases: Break down proteins in tissue. 

Penetration into Host Cells 

1. Invasins: Surface proteins that alter actin filaments of host 
cell cytoskeleton, allowing microbes to enter cells. Examples: 
Salmonella typhinurium and E. coli. 

2. Cadherin: A glycoprotein that bridges junctions between cells, 
allowing microbes to move from one cell to another. 

How Bacterial Pathogens Penetrate Host Defenses 
Capsules 

• Increase the virulence of many pathogens. Examples: 
Streptococcus pneumoniae, Klebsiella pneumoniae, 
Hemophilus influenzae, Bacillus anthracis, and Yersinia pestis. 

• Resist host defenses by impairing phagocytosis. Host can 
produce antibodies to capsule, which attach to microbe and 
allow phagocytosis. 



Cell Wall Components 

13 M protein: Found on cell surface and fimbriae of 
Streptococcus pyogenes. Mediates attachment and helps 
resist phagocytosis. 

HI Waxes: Cell wall of Mycobacterium tuberculosis helps resist 
digestion after phagocytosis. 




Microbial Enzymes 

Extracellular enzymes (exoenzymes) lyse cells, form or dissolve 
clots, and dissolve materials in tissue. 

A. Exotoxins 

Proteins: Enzymes that carry out specific reactions. Soluble in body 
fluids, rapidly transported throughout body in blood or lymph. 
Produced mainly by gram-positive bacteria. Most genes for toxins 
are carried on plasmids or phages. Produced inside bacteria and 
released into host tissue. Responsible for disease symptoms and/or 
death. 



S Cytotoxins: Kill or damage host cells. 



•S Neurotoxins: Interfere with nerve impulses. 

•S Enterotoxins: Affect lining of gastrointestinal 
tract. 

Toxoids: Toxins that have been altered by heat or chemicals. Used 
as vaccines for diphtheria and tetanus. 

Important Exotoxins 

1. Diphtheria Toxin: Corynebacterium diphtheriae when infected 
by a phage carrying tox gene. Cytotoxin inhibits protein 
synthesis in eucaryotic cells. Two polypeptides: A (active) and 
B (binding). 

2. Erythrogenic Toxins: Streptococcus pyogenes produces three 
cytotoxins which damage blood capillaries, causing a red rash. 

3. Botulinum Toxins: Produced by Clostridium botulinum. 
Neurotoxin that inhibits release of neurotransmitter 
acetylcholine and prevents transmission of nerve impulses to 
muscles, causing flaccid paralysis. Extremely potent toxins. 

4. Tetanus Toxin: Produced by Clostridium tetani. A neurotoxin 
that blocks relaxation of skeletal muscles, causing 
uncontrollable muscle spasms (lockjaw) and convulsions. 

5. Vibrio Enterotoxin: Produced by Vibrio cholerae. Two 
polypeptides: A (active) and B (binding). The A subunit of 
enterotoxin causes epithelial cells to discharge large amounts 
of fluids and electrolytes. 

6. Staphylococcal Enterotoxin: Staphylococcus aureus produces 
an enterotoxin similar to cholera toxin. Other enterotoxins 
cause toxic shock syndrome. 

Endotoxins 



Part of outer membrane surrounding gram-negative bacteria. 
Endotoxin is lipid portion of lipopolysaccharides (LPS), called lipid A. 
Effect exerted when gram-negative cells die and cell walls undergo 



lysis, liberating endotoxin. All produce the same signs and 
symptoms: 

Chills, fever, weakness, general aches, blood clotting and tissue 
death, shock, and even death. Can also induce miscarriage. Fever: 
Pyrogenic response is caused by endotoxins. 

Events leading to fever: 

Gram-negative bacteria are digested by phagocytes. 

LPS is released by digestion in vacuoles, causing macrophages to 
release interleukin-1 (IL-1). IL-1 is carried via blood to 
hypothalamus, which controls body temperature. IL-1 induces 
hypothalamus to release prostaglandins, which reset the body's 
thermostat to higher temperature. 

Shock: Any life-threatening loss of blood pressure. Septic shock: 
Shock caused by endotoxins of gram-negative bacteria. 

■ Phagocytosis of bacteria leads to secretion of tumor 
necrosis factor (TNF), which alters the permeability of 
blood capillaries and causes them to lose large amounts 
of fluids. 



■ Low blood pressure affects kidneys, lungs, and 
gastrointestinal tract. 




ADP-ribosvl transferases 



These promote the breakdown of nicotinamide adenine 
dinucleotide (NAD) into nicotinamide and adenine diphosphate 
ribose (ADPR) and the covalent binding of the ADPR to various 
proteins, thus inactivating the bound protein 

1- Diphtheria toxin:- 

Diphtheria toxin, the exotoxin of beta-lysogenized strains of 
Corynebacterium diphtheriae, is lethal for many animal species and 
cytotoxic to a wide range of cultured cell lines. Like many of the 
bacterial protein toxins, plant lectins, and protein hormones, 
diphtheria toxin is a bipartite molecule, composed of a B subunit 
which mediates binding to a specific cell surface receptor and an A 
subunit which possesses enzymatic activity. Fragment A catalyzes 
the transfer of ADP-ribose from NAD to the eukaryotic Elongation 
Factor 2 which inhibits the function of the latter in protein 
synthesis. Inactivation of all of the host cell EF-2 molecules causes 
death of the cell. Attachment of the ADP ribosyl group occurs at an 
unusual derivative of histadine called diphthamide. It dependent on 
the low concentration of iron in tissue 

EF-2 + NAD+ ADPR-EF-2 + nicotinamide + H+ 

The reaction is reversible, so that lowering the pH and adding 
excess nicotinamide in the presence of fragment A will remove 
ADPR and regenerate active EF-2 

2- Pseudomonas aeruginosa exotoxin A 

Has exactly the same mechanism of action as the diphtheria toxin; 
it causes the ADP ribosylation of eukaryotic elongation factor 2 
leading to inhibition of protein biosynthesis and cell death. Exotoxin 
A appears to mediate both local and systemic disease processes 



caused by Pseudomonas aeruginosa. It has necrotizing activity at 
the site of bacterial colonization and is thereby thought to 
contribute to the colonization process. 

3- Pseudomonas aeruginosa Exoenzyme S. 

Exoenzyme S catalyzes the transfer of ADP-ribose onto a number of 
GTP-binding proteins however, it does not modify elongation factor 
2, the exoenzyme S may act to impair the function of phagocytic 
cells in the bloodstream and internal organs to prepare for invasion 
by P. aeruginosa. 

4- Cholera toxin 

Cholera toxin activates the adenylate cyclase enzyme in cells of the 
intestinal mucosa leading to increased levels of intracellular cAMP, 
and the secretion of H20, Na+, K+, CI-, and HC03- into the lumen of 
the small intestine. The toxin has been characterized and contains 5 
binding (B) subunits, an active (Al) subunit, and (A2) that links Al to 
the 5B subunits. 

5- Escherichia coli Labile toxin (LT) 

E. coli produces a toxin, heat labile toxin (LT), that is very similar to 
the cholera toxin in structure and mode of action. The DNA that 
encodes the LT toxin is on a plasmid that can be transferred to 
other E. coli strains and probably to other enteric bacteria as well. 

6- Bordetella pertussis toxin 

PT is a two component, A+B bacterial exotoxin. The A subunit is an 
ADP ribosyl transferase. The B component, composed of five 
polypeptide subunits, binds to specific carbohydrates on cell 
surfaces. Following binding of the B component to host cells, the A 
subunit is inserted through the membrane and released into the 
cytoplasm in a mechanism of direct entry The A subunit gains 
enzymatic activity and transfers the ADP ribosyl of NAD to the 



membrane-bound regulatory protein Gi that normally inhibits the 
eukaryotic adenylate cyclase. The conversion of ATP to cyclic AMP 
cannot be stopped and intracellular levels of cAMP increase. This 
has the effect to disrupt cellular function, and in the case of 
phagocytes, to decrease their phagocytic activities such as 
chemotaxis, engulfment, the oxidative burst, and bacteridcidal 
killing 

Comparison between cholera toxin and pertussis toxin (ptx) in their 
ability to interfere with the regulation of the eukaryotic adenylate 
cyclase complex 

Adenylate cyclase (AC) is activated normally by a stimulatory 
regulatory protein (Gs) and guanosine triphosphate (GTP); however 
the activation is normally brief because an inhibitory regulatory 
protein (Gi) hydrolyzes the GTP. 




Adenylate cyclase activated by cholera toxin. 

The cholera toxin Al fragment catalyzes the attachment of ADP- 
Ribose (ADPR) to the regulatory protein Gs, forming Gs-ADPR from 
which GTP cannot be hydrolyzed. Since GTP hydrolysis is the event 
that inactivates adenylate cyclase (AC), the enzyme remains 
continually activated 



cAMP + PPi 





Nicotinamide 



Adenylate cyclase activated by pertussis toxin 

The pertussis A subunit transfers the ADP ribosyl moiety of NAD to 
the membrane-bound regulatory protein Gi that normally inhibits 
the eukaryotic adenylate cyclase, The Gi protein is inactivated and 
cannot perform its normal function to inhibit adenylate cyclase. The 
conversion of ATP to cyclic AMP cannot be stopped 






Nicotinamide 




Non-Ribosvlating Toxins 



1- Shiga toxin 

The Shigella organisms induce a severe diarrheic and dysenteric 
syndrome (shigellosis) which is mediated by a protein exotoxin. 
This toxin has an A subunit and 5 B subunits. The A subunit can be 
divided into Al and A2 subunits. The toxin has a multiplicity of 
effects; it is neurotoxic, cytotoxic and enterotoxic. It appears that 
the Shiga cytotoxin, like diphtheria toxin and Pseudomonas 
exotoxin, is synthesized in an inactive proenzyme form and requires 
either proteolytic cleavage and reduction or denaturation to 
express full biological activity. The biological activity, inhibition of 
protein synthesis, is attributed to the Al fragment which, though 
active in cell-free protein synthesis systems, It is possible that the 
A2 fragment, like the A2 moiety of cholera toxin plays a role in 
binding or internalization 

2- Anthrax toxin 

Anthrax toxin refers to three proteins secreted by virulent strains of 
the bacterium Bacillus anthracis. These three proteins act together 
in a synergistic way in which they are endocytosed and translocated 
into the cytoplasm of a macrophage, where it disrupts cellular 
signaling and induces cell death, allowing the bacteria to evade the 
immune system. 

This toxin is composed of three proteins: 

1. The protective antigen (PA), 

2. The edema factor (EF) 

3. The lethal factor (LF). 

The three proteins of the anthrax toxin depend on each other for 
their toxic effect. Each protein is nontoxic on its own, but when 



combined, these proteins produce the lethal symptoms of anthrax. 
PA helps to shuttle EF and LF into the cell. EF acts as a Ca2+ and 
calmodulin dependent adenylate cyclase that greatly increases the 
level of cAMP in the cell. This increase in cAMP upsets water 
homeostasis, and impairs macrophage function . LF also helps the 
bacteria evade the immune system through killing macrophages. 
Once in these cells, LF acts as a Zn2+-dependent endoprotease that 
snips off the N-terminus of mitogen-activated protein kinase 
kinases (MAPKK). This inhibits these kinases by not allowing them 
to efficiently bind to their substrates, which leads to altered 
signaling pathways and ultimately to apoptosis. Actions of the 
secreted anthrax toxins. 




3-Tetanus toxin 

Tetanospasmin is the neurotoxin produced by the vegetative spore 
of Clostridium tetani in anaerobic conditions, causing tetanus. The 
peptide tetanospasmin is made up of two parts: heavy or B-chain 
and a light or A-chain. The chains are connected by a disulfide bond. 



The B-chain binds to disialogangliosides (GD2 and 
GDlb) on the neurone membrane. The A-chain, a zinc 
endopeptidase, attacks the vesicle-associated 
membrane protein (VAMP). The action of the A-chain 
stops the affected neurons from releasing the 
inhibitory neurotransmitters GABA (gamma- 
aminobutyric acid) and glycine by degrading the protein 
synaptobrevin. The failure of inhibition of motor 
reflexes by sensory stimulation causes generalized 
contractions of the agonist and antagonist musculature, 
termed a tetanic spasm. 



^-Botulinum toxin 

Botulinum toxin blocks transmission of messages from 
muscles and therefore weakens muscles .Botulinum toxins are 
proteins produced as a single polypeptide chain, and are only 
weakly toxic. The chain is activated by a process of proteolytic 
cleavage, to form a di-chain molecule (comprised of a heavy chain 
and a light chain), linked by a disulphide bond 

Mode of action of botulinum toxin 

a. Normal neuromuscular transmission 

Acetylcholine is the primary neurotransmitter operating at the 
neuromuscular junction. Vesicles containing acetylcholine are 
stored in the presynaptic terminal of the nerve. Before releasing 
acetylcholine, the vesicles need to be transported to, and fuse with, 
the nerve terminal membrane. The transport of synaptic vesicles to 
the terminal membrane, and the eventual release of acetylcholine, 
is controlled by a group of proteins called the SNARE complex - (the 



Tetanus toxin blocks release of 
inhibitory neurotransmitters (such 
as yaminobutyric acid, glycine), 
resulting in unrestrained excitation 
of motor neurons. 




nerves to 



Soluble N-ethylmaleimide-sensitive factor attachment protein 
receptor complex). 

Following fusion of the vesicle with the synaptic membrane, 
acetylcholine is released into the synaptic gap, diffuses across the 
gap, and binds to nicotinic cholinergic receptors on the postsynaptic 
membrane, triggering muscle contraction 



Synaptic Vesicte SNARE proteins 
j form synaptic 

4 j fusion complex 




b. Binding and internalization of botulinum toxin 

When botulinum toxin is injected into the muscle it has significant 
affinity for peripheral cholinergic nerve endings, where it binds 
rapidly, specifically and irreversibly to receptors on the presynaptic 
membrane - the heavy chain facilitates this binding and 
internalization of the toxin. The bound toxin is taken up into the 
nerve terminal by endocytosis. The resulting endosome containing 
toxin migrates into the cytosol and at this point it splits into a heavy 
chain and an active light chain 



Botulinum toxin Light chain 

internalisation ^ 

Heavy chain j |T ^ ^ 




c. Inhibition of acetylcholine release 

The active light chain of botulinum toxin has a specific affinity to 
cleave certain proteins involved in the mechanism of acetylcholine 
exocytosis. Botulinum toxin type A cleaves SNAP-25 so that 
Acetylcholine vesicles cannot fuse with the presynaptic membrane 
Acetylcholine is not released Neuromuscular transmission is 
blocked Muscle weakness and paralysis occurs 




j/f > <2L B . m Synaptic vesicle 

Light chain J 

cleaves SNAP-25 ,> 



5. Pyocyanin 

Pseudomonas aeruginosa produces this non-enzyme protein which 
binds to the flavoproteins of the cytochrome system. It interferes 
with terminal electron transport causing an energy deficit and cell 
death. 

6. Adenylate cyclase. 

Bordetella pertussis produces a calmodulin-independent adenylate 
cyclase which inhibits and/or kills white blood cells. 

7. NAD glycohydrolase. 

Shigella flexneri, upon being phagocytized, produces a NAD 
glycohydrolase which rapidly depletes the phagocyte of NAD, thus 
blocking cellular metabolism and bacterial cell killing. 

8. Morganella morganii 

Struvite stones are invariably associated with urinary tract 
infections. Specifically, the presence of urease-producing bacteria, 
most common including Ureaplasma urealyticum , Proteus species * 
Staphylococcus species, Klebsiella species, Providencia species * 
Morganella species and Pseudomonas species, leads to the 
hydrolysis of urea into ammonium and hydroxyl ions 

Two conditions must coexist for the formation of struvite calculi. 
These are (1) alkaline urine (pH >7.2) and (2) the presence of 
ammonia in the urine. This leads to magnesium ammonium 
phosphate and carbonate apatite crystallization. The conversions of 
urea to ammonia, ammonia to ammonium, and acidification from 
carbon dioxide 



9. S. aureus 



S. aureus expresses many potential virulence factors:- 

1-surface proteins that promote colonization of host tissues. 2- 
invasins that promote bacterial spread in tissue(leukocidin / kinases, 
hyaluronidase) .3-surface factors that inhibit phagocytic engulfment 
(capsule , Protein A ). 4-biochemical properties that enhance their 
survival in phagocytes (carotenoids, catalase production). 5- 
immunological disguises (Protein A, coagulase, clotting factor). 6- 
membrane-damaging toxins that lyse eucaryotic cell membranes 
(hemolysins, leukotoxin, leukocidin). 7-exotoxins that damage host 
tissues or otherwise provoke symptoms of disease (SEA-G, TSST, 
ET). 8-inherent and acquired resistance to antimicrobial agents 

10. Streptococcus pyogenes 

l-Adherence (colonization) surface macromolecules 
M protein .Lipoteichoic acid (LTA) . Protein F and Sfb (fibronectin- 
binding proteins). 2-Enhancement of spread in tissues 
Hyaluronidase hydrolyses hyaluronic acid, part of the ground 
substance in host tissues. Proteases , Streptokinase lyses fibrin .3- 
Evasion of phagocytosis Capsule: hyaluronic acid is produced . C5a 
peptidase: C5a enhances chemotaxis of phagocytes . M protein is a 
fibrillar surface protein. Its distal end bears a negative charge that 
interferes with phagocytosis. It also blocks complement deposition 
on the cell surface. Mutations during the course of infection alter 
the structure of M proteins, rendering some antibodies ineffective. 
Strains that persist in carriers frequently exhibit altered M proteins . 

Leukocidins, including streptolysin S and streptolysin O, are proteins 
secreted by the streptococci to kill phagocytes (and probably to 
release nutrients for their growth 

Hemolysins 

Pneumococci produce an intracellular membrane damaging toxin 



known as Pnemolysin which release by autolysis (Pnemolysin is 
released up on lysis of Pneumococci by autolysin) . Pnemolysin 
inhibits (neutrophil chemotaxis phagocytosis and the respiratory 
burst , lymphocyte proliferation and immunoglobulin synthesis . 



